Rates and equilibrium values of cation absorption by Baker's yeast, Saccharomyces cerevisiae, are in accord with a diffusion-limited exchange process which is independent of metabolic activity (7). At equilibrium the alkali ion content per unit volume of wet yeast exceeds the solution concentration by about 50-fold in 10-3 M solution and about 800-fold at 10-5 M. Bromide anions in equilibrium with yeast fail to attain an apparent cellular concentration as great as that of the ambient solution. This is expected for a passive process of salt absorption.
Rates and equilibrium values of cation absorption by Baker's yeast, Saccharomyces cerevisiae, are in accord with a diffusion-limited exchange process which is independent of metabolic activity (7) . At equilibrium the alkali ion content per unit volume of wet yeast exceeds the solution concentration by about 50-fold in 10-3 M solution and about 800-fold at 10-5 M. Bromide anions in equilibrium with yeast fail to attain an apparent cellular concentration as great as that of the ambient solution. This is expected for a passive process of salt absorption.
When ion binding is low, the amounts in cellular free space and adhering solution are predominant fractions of the total. Precautions are necessary to estimate or reduce the amount of these fractions in assessing possibly active or metabolically dependent absorption. Some results are reported here for absorption of bromide, phosphate, and sulfate by yeast, supplementing previous observations on bromide (7) and phosphate absorption (6) .
Materials and Methods
Saccharomyces cerevisiae Meyer ex Hansen was isolated from commercial Baker's yeast and grown aseptically on glucose-lactate-peptone medium containing beef extract and 0.01 M NaCl (7). Cells were harvested by centrifugation, washed, and resuspended in water. Concentrations were measured turbidimetrically and were adjusted to approximately 10 mg of air dried weight/30 ml for the usual experiment. Cell suspensions were incubated in 0.3 M glucose for 60 minutes at 220 to obtain maximum rates of orthophosphate and sulfate uptake. Bromide uptake was measured in similar suspensions or on resting yeast cells after washing with 10-3 M HCl. After the HCl treatment the cells were repeatedly washed with water to remove excess acid as determined by pH measurement.
Absorption was followed with the radioactive isotopes p32, S35, and Br82 in solutions of potassium phosphate, sulfate, and bromide of known concentrations near pH 4 Absorptiont of Phosphate. Increase in cellular phosphate with time in the presence of 0.3 M glucose in a 10-'I phosphate solution has an initially constant rate of 4.0 X 10-9 moles P/10 mg air-dry yeast/minute, which decreases to zero in 60 minutes with a total absorption of 3 X 10-3 moles P/liter wet yeast (fig 2) . The intercept on the tinme axis (abscissa) is negative by about -2 minutes because of continued absorption during centrifugation, the start of which was taken as the terminating timle. If ani excess of inactive phosphate is addedl prior to centrifugation to terminate the period of absorption, the absorption-time curve (line b, fig 3) passes through the origin and has the same slope as the curve measured by centrifugation (line a, Fig 3) .
Distribution ratios are independent of phosphate concentration in the absence of glucose but increase greatly with increase in concentration of phosphate in the presence of glucose (table I). Only small amounts of phosphate absorbed from a 10-4 M solution in 60 minutes can be removed by wvashing with water. Slow removal of absorbed phosphate is observed on repeated washing with phosphate solutions (fig 4) . Absorption of Suilfate. The rate of sulfate absorption in the presence of glucose is similar to that of phosphate in being constant for more than 10 minutes ( fig 5) as shown by absorption from 1 X 10-4 M solution. It increases with sulfate concentration, being about 5 times greater at 1 X 10-2 M than at 1 X 104 M (fig 5) .
The distribution ratios in the absence of glucose are independent of sulfate concentration and are the 
Discussion
Distribution ratios for bromide, phosphate, and sulfate in the absence of glucose and for bromide in the presence of glucose are equal and independent of the concentration of the external solution. The average value is 0.685. If corrected for adhering solution, this value is reduced to 0.61 which is 80 % of the difference in weight between wet and air-dried yeast. Accordingly, 80 % is an estimate of free space. This is fully 90 % of the total water content of the cells. The volumes of yeast accessible to external solutes found here are much greater than some reported in the literature (1) . While the cause of these differences is not fully explored, they arise in part from possibly greatly different initial alkaline earth ion contents of the yeast which markedly influence attainment of ionic equilibria. The accessible space must permeate most of the salt-holding or binding regions of the cells because the observed alkali uptake by yeast is independent of metabolic activity (7).
Phosphate and sulfate both rapidly permeate the free space and show continued metabolically dependent uptake. In dilute solution the latter becomes greatly predominant in an hour. It was shown by use of inhibitors to be chiefly coupled with formation and change of 1,3-diphosphoglyceric acid (6) .
Yeast cells are considered to be compartmentalized (8, 10) . This is concluded chiefly from attempts to explain the Pasteur effect on the reduced utilization of glucose under aerobic compared with anaerobic conditions. ATP derived from oxidative phosphorylation coupled with the respiratory chain is limited in use for glycolysis. A compartmentalization of this type is in accord with the very low coupling of phosphate uptake with oxidative phosphorylation mediated by the respiratory chain.
Electron micrographs of cross sections of yeast cells (3, 9) are similar in appearance to slightly vacuolated cells near the root tips of plants (11) . The Literature Cited
